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We calculate Λ and Λ¯ hadron production cross sections in charged lepton semi-inclusive deep-
inelastic scattering off nuclear target (A, using iron Fe as an example) and deuteron (D) target.
The results show that the ratio (Λ¯A/ΛA)/(Λ¯D/ΛD) is sensitive to the sea quark content of the
nucleus. We adopt three different models to take the nuclear EMC effect into account. The ratio
(Λ¯A/ΛA)/(Λ¯D/ΛD) is predicted to be different by these different models.
PACS numbers: 12.39.-x, 13.60.Rj, 14.20.Jn, 24.85.+p
I. INTRODUCTION
The European Muon Collaboration (EMC) found in
1983 that the ratio of structure functions per nucleon
of iron (Fe) to deuterium (D) is different from earlier
prediction by taking into account the Fermi motion of
bound nucleons [1]. This is the so called nuclear EMC
effect, which implies that the quark structure of a bound
nucleon is different from that of a free one. Since the dis-
covery of the EMC effect, lots of experimental measure-
ments have been performed in charged lepton-nucleus
scattering [2–7], neutrino-nucleus scattering [8–13], and
the Drell-Yan process [14–19]. Many theoretical and phe-
nomenological models were proposed to describe the data
in the intermediate x region for the nuclear EMC effect,
such as the pion excess model [20–22], the quark-cluster
model [23–25], and the rescaling model [14, 24, 26–28].
However, these models provide totally different pictures
about the nuclear structure. The pion excess model
supposes that a nucleus contain hadronic constituents
(mostly pions) other than nucleons, naturally predicting
an increase of u¯ and d¯ sea quarks in the nucleus compared
to those in a free nucleon. A nucleus is assumed to be
composed of nucleons and multiquark clusters (in which
more than three quarks are confined together) in the
quark-cluster model. In the rescaling model, the quark
confinement size of a nucleon in the nucleus is assumed
to be bigger than that in free nucleons [24].
Though different models can explain the measured ra-
tio of structure functions of bound nucleons to free ones,
they provide quite different predictions of the sea quark
content of the nucleus. The modification of the sea quark
distributions in the nucleus was considered to match the
gap between the theoretical calculations and the experi-
mental data from many scattering processes. In fact, the
ratio of bound structure functions to free ones through
inclusive deep inelastic scattering (DIS) processes is actu-
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ally insensitive to the nuclear sea content. Then the ex-
perimental processes and quantities that are sensitive to
the sea content in the nucleus should enable us to discrim-
inate different models. It was shown that the Λ/Λ¯ ratio
of production cross sections in semi-inclusive DIS (SIDIS)
process is a physical quantity that is sensitive to the
sea quark content of nucleons [29–33]. In Ref. [30], the
hadron production ratios of (Λ¯A/ΛA)/(Λ¯D/ΛD) in the
SIDIS process are found to be quite different in the pion
excess model, the quark-cluster model, and the rescaling
model. In our present work, we reconsider these three
models by fitting the experimental data of the EMC ratio
from the EMC Collaboration [1] and from the BCDMS
Collaboration [34] with the uncertainties considered. We
significantly improve the numerical analysis, based on
the new development of the Λ and Λ¯ fragmentation func-
tions [33] and more careful analysis of the nuclear models
for the EMC effect.
In Sec. II, we make a detailed description of three dif-
ferent nuclear models for the EMC effect, namely the
pion excess model, the quark-cluster model, and the
rescaling model. The detailed modification of Λ and
Λ¯ fragmentation functions is discussed in Sec. III. In
Sec. IV, we make an analysis of different production ra-
tios of Λ and Λ¯ in charged lepton semi-inclusive deep-
inelastic scattering off a nuclear target (iron Fe) and a
deuteron (D) target. Our work shows that the effects
of experimental errors on the results corresponding to
the pion excess model and the rescaling model are small.
Though the error bands corresponding to the quark-
cluster model are wide, the ratio (Λ¯A/ΛA)/(Λ¯D/ΛD) can
still enable us to discriminate these three models of the
EMC effect to some extent. We show that the physical
quantity (Λ¯A/ΛA)/(Λ¯D/ΛD) is a good window to figure
out new features of the EMC effect.
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2II. THREE NUCLEAR MODELS FOR THE EMC
EFFECT
The EMC effect is not consistent with the prediction
that the cross section for muon scattering on a nucleus
should be almost the sum of the cross sections of free
nucleons in the nucleus. The SLAC E139 Collaboration
released precise data of the cross section ratio σA/σD
for several nuclei in the region x > 0.2 [2], with σA
and σD being the per-nucleon cross sections in nucleus
A and deuteron D respectively. The E139 experiment
observed a reduction of the ratio σA/σD in the region of
0.3 < x < 0.8 for all measured nuclei. The JLab-E03103
Collaboration also released data for σC(N)/σD in the re-
gion x > 0.3 [7]. All these data show that, in the inter-
mediate x region, the structure function in the nucleus is
smaller than that in a free nucleon. In the inclusive deep
inelastic scattering (DIS) process, the cross section ratio
σA/σD can be expressed as FA2 (x,Q
2)/FD2 (x,Q
2). In
the naive quark model, the ratio FA2 (x,Q
2)/FD2 (x,Q
2)
is written as
FA2 (x,Q
2)
FD2 (x,Q
2)
=
∑
i e
2
i [qi(x,Q
2, A) + q¯i(x,Q
2, A)]∑
i e
2
i [qi(x,Q
2) + q¯i(x,Q2)]
, (1)
where ei means the charge of a parton with flavor i, and
qi(x,Q
2) are the parton distribution functions (PDFs) of
a nucleon in deuteron, with qi(x,Q
2, A) being the PDFs
per-nucleon in nucleus A. In Fig. 1, we draw the ra-
tios FA2 /F
D
2 of the pion excess model, the quark-cluster
model, and the rescaling model at Q2 = 5 GeV2 in the
region 0.1 < x < 0.7. All these three models repro-
duce a reduction of FA2 /F
D
2 in the intermediate x region,
roughly being consistent with the phenomena of the nu-
clear EMC effect. However, the large different predic-
tions of sea quark distributions for these three models are
illustrated to discriminate these three models, as shown
in Figs. 2 and 3. We notice that the sea content in nuclei
for the quark-cluster model is much more enhanced than
that in nucleons.
A. The pion excess model
It was first proposed by Llewellyn Smith that the be-
havior of F2(Fe)/F2(D) in the EMC effect could be
accounted for by the excess number of pions per nu-
cleon [20]. Later, the quantitative expression of how ex-
tra pions contribute to the nuclear structure function was
proposed in [21]:
δFN2 (x,Q
2) =
∫ 1
x
fApi (y)F
pi
2 (x/y,Q
2)dy, (2)
where Fpi2 is the structure function of the pion, and x
is the momentum fraction of the struck quark in the
nucleon-pion subsystem, and fApi (y) is the probability of
finding pions carrying a fraction y of the momentum of
the nucleon-pion subsystem in nucleus A. fApi (y) satisfies
the normalization ∫ 1
0
fApi (y)dy = npi, (3)
where npi is the number of pions per nucleon. So, the
form of the nuclear structure function can be expressed
as
FA2 =
∫ 1
x
fApi (y)F
pi
2 (x/y,Q
2)dy+
∫ 1
x
fAN (z)F
N
2 (x/z,Q
2)dz,
(4)
where Fpi2 and F
N
2 are structure functions of free nucle-
ons and free pions, with fAN (z) being the number density
of nucleons per nucleon in nucleus A, and z being the nu-
cleon momentum fraction of the nucleon-pion subsystem.
fAN (z) meets the normalization
∫
fAN (z)dz = 1. Then in
the naive parton model, the quark distribution of the
nucleus can be written as
qAi =
∫ 1
x
dy
y
fApi (y)q
pi
i (
x
y
) +
∫ 1
x
dz
z
fAN (z)q
N
i (
x
z
), (5)
in which qpii and q
N
i are the parton distribution functions
of the free pion and free nucleon. We adopt a toy model
parametrization [22], which is written as
fApi (y) = 〈npi〉
Γ(a+ b+ 2)
Γ(a+ 1)Γ(b+ 1)
ya(1− y)b. (6)
The selection of parameters a and b may be varied so as
to adjust the y dependence of fApi (y), here we choose a = 1
and b = 3 [22]. In this toy model, the bound nuclei are
assumed to be combinations of free nucleons and nucleon-
pion subsystems. The exchanged virtual photon in the
DIS process may interact with free nucleons in nuclei as
z approaches to 1. The longitudinal momentum fraction
of the nucleon in the nucleon-pion subsystem is z while
the probability of finding a pion carrying a momentum
fraction y = 1−z of the subsystem is fApi (y). So we know
that
fAN (z) = (1− 〈npi〉)δ(z − 1) + fApi (1− z). (7)
The parton distributions of the nucleon are from the
CTEQ14L parametrization [35]. For the parton distri-
butions of free pions, we adopt the MRS parametriza-
tion [36]. To define the value of the parameter 〈npi〉 in
the pion excess model, we fit the experimental data of the
EMC ratio FA2 /F
D
2 using MINUIT [37]. The fitting re-
sults are shown in Table I, and we also consider the errors
of the experimental data. From the calculations, we no-
tice that the pion excess model can roughly describe the
behavior of FA2 /F
D
2 in the intermediate x region. What
is more, the pion excess model predicts an enhancement
of u sea distributions in the nucleus, as shown in Fig. 2.
3Models Experimental data Fitting parameters Fitting results
pion excess model EMC [1]+BCDMS [34] 〈npi〉 0.166± 0.095
quark-cluster model EMC [1]+BCDMS [34] f 0.2524± 0.2079
rescaling model EMC [1]+BCDMS [34] ξA 1.5475
+0.959
−0.529
TABLE I: The fitting results are 〈npi〉 in the pion excess model, f in the quark-cluster model, and ξA in the rescaling model. The
nucleus A is Fe.
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FIG. 1: The results of FA2 /F
D
2 at Q
2 = 5 GeV2. The
solid-black, dashed-red, and dotted-blue lines are the results of
the pion excess model, the quark-cluster model, and the rescaling
model. The nucleus A is Fe.
B. The quark-cluster model
As we know, nucleons are tightly bound together in
the nucleus. The quark-cluster model assumes that there
exists a chance of more than three quarks to be confine
together in a nucleus.
As there are no experimental data about the distri-
butions of six-quark clusters, Ref. [25] adopts counting
rules [38–41], expressing the parton distributions of the
proton as
Uv(x) = xuv(x) = 2Nu
√
x(1− x)3,
Dv(x) = xdv(x) = Nd
√
x(1− x)4,
U¯(x) = xu¯(x) = N¯(1− x)7, (8)
and Nu, Nd, and N¯ need to match the following normal-
izations: ∫ 1
0
uv(x)dx = 2, (9)∫ 1
0
dv(x)dx = 1, (10)
〈xsea〉 = 1− 〈xvalence〉 − 〈xgluon〉 , (11)
where 〈xgluon〉 is the longitudinal momentum fraction
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FIG. 2: The results of u¯A/u¯D. The solid-black, dashed-red, and
dotted-blue lines are the results of the pion excess model, the
quark-cluster model, and the rescaling model. The nucleus A is
Fe.
carried by gluons. We take 〈xgluon〉 = 0.57 as sug-
gested by experimental results [42]. From calculations
of Eqs. (9)-(11), we get Nu = 1.094, Nd = 1.2305, and
N¯ = 0.1869.
The shapes of sea quark distributions are assumed to
be [43]
s(x) =
1
2
u¯(x) =
1
2
d¯(x). (12)
So the structure function of the proton is
F p2 (x,Q
2) = x
∑
i
e2i [qi(x)+ q¯i(x)], (i = u or d). (13)
For the structure function of the neutron, Fn2 , we apply
the isospin asymmetry between proton and neutron.
The parton distributions of a six-quark cluster can be
written as [25],
V6 = zv6(z) = 3N6
√
z(1− z)10, (14)
U¯6(z) = zu¯6(z) = N¯6(1− z)14, (15)
where N6 and N¯6 match the following normalizations:∫ 1
0
v6(z)dz = 3, (16)
〈zsea〉 = 1− 〈zvalence〉 − 〈zgluon〉 . (17)
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FIG. 3: The results of s¯A/s¯D. The solid-black, dashed-red, and
dotted-blue lines are the results of the pion excess model, the
quark-cluster model, and the rescaling model. The nucleus A is
Fe.
It turns out that N6 = 1.850 and N¯6 = 0.5042. Here
z = x/2, with x being the momentum fraction of one
single nucleon. Ref. [25] assumes that the probability of
finding six-quark clusters in the nucleus is f , and then
qA(x) = (1− f)qN (x) + f q
6(x2 )
4
, (18)
FA2 (x,Q
2)
FD2 (x,Q
2)
= (1− f) + f F
6
2 (x,Q
2)
FD2 (x,Q
2)
, (19)
where
F 62 (x,Q
2) = x
∑
i
e2i [
q6i (
x
2 )
4
+
q¯6i (
x
2 )
4
]
=
5
18
V 6(
x
2
) +
11
18
U¯6(
x
2
), (20)
FD2 (x,Q
2) =
1
2
[F p2 (x,Q
2) + Fn2 (x,Q
2)]
=
5
18
[Uv(x) +Dv(x)] +
11
9
U¯(x). (21)
Here, the deuteron is considered without including the
EMC effect: it is assumed to be just a combination of one
proton and one neutron. What is more, the isospin sym-
metry between proton and neutron is adopted. We notice
that Eq. (18) satisfies the correct counting
∫ 2
0
qAv (x)dx =
3/2 for each valence quark per nucleon for a nucleus with
six-quark clusters.
The value of the parameter f in our work is given by
fitting the experimental data. The results are shown in
Table I. Also, we plot the EMC ratio for the quark-cluster
model in Fig. 1.
C. The rescaling model
It was observed by Close, Roberts, and Ross [26] that
the nuclear structure function of the nucleus roughly
equals to that of the deuteron at a higher value of Q2,
FA2 (x,Q
2) = FN2 (x, ξA(Q
2)Q2), (22)
qA(x,Q2) = qN (x, ξA(Q
2)Q2), (23)
where ξA is the rescaling factor at Q
2. This phenomenon
is interpreted as being due to the different quark confine-
ment sizes between the deuteron and the iron [27]. The
CTEQ14L parametrization [35] is adopted for the par-
ton distribution function of a free nucleon. To define the
value of ξFe, we fit the experimental data of the EMC
ratio for iron. The fitting results are shown in Table I.
III. SEMI-INCLUSIVE DEEP INELASTIC
SCATTERING
For semi-inclusive production of hadron h in the deep
inelastic scattering process, the cross section ratio can be
expressed as
dσhA/dx
dσhD/dx
=
∫ b
a
dz
∑
i e
2
i [q
A
i (x,Q
2)Dhqi(z,Q
2, A) + q¯Ai (x,Q
2)Dhq¯i(z,Q
2, A)]∫ b
a
dz
∑
i e
2
i [q
D
i (x,Q
2)Dhqi(z,Q
2) + q¯Di (x,Q
2)Dhq¯i(z,Q
2)]
, (24)
where qi(x,Q
2) is the parton distribution of quark qi
with flavor i, and Dhqi(x,Q
2) means the fragmentation
function for quark qi to hadron h in free nucleons.
We label the fragmentation function in the nucleus as
Dhqi(x,Q
2, A). During our calculations, the parton dis-
tribution of the deuteron is treated as the averaged value
of a proton and a neutron. Besides, as we mentioned
early in the paper, the three models for the EMC effect
predict largely different sea quark distributions in the
nucleus. So by adopting different models, this ratio can
reveal how the EMC effect depends on sea quark distri-
butions in the nucleus.
Due to the nonperturbative nature of the fragmen-
tation process, we need to obtain the fragmentation
functions from some phenomenological parametrizations.
5The Gribov-Lipatov relation [44, 45] is adopted,
Dhq (z) ∝ qh(z), (25)
where Dhq (z) denotes the fragmentation function of a
quark q to a hadron h with momentum fraction z and
qh(z) denotes the quark distribution function at momen-
tum fraction z inside a hadron h. To distinguish between
the valence part and the sea part, we write the relation
in a detailed way [46],
DhV (z) = CV z
αqhV (z), (26)
DhS(z) = CSz
αqhS(z), (27)
where DhS(z) means the fragmentation function of hadron
h from sea quarks in the nucleon, and DhV (z) means the
fragmentation function from the valence part in the nu-
cleon. So the total fragmentation functions for hadron Λ
are written as [46]
DΛq = D
Λ
V +D
Λ
S , (28)
DΛq¯ = D
Λ
S . (29)
We can calculate different sets of CV , CS , and α to show
how the sea part in a nucleus influences the results. Three
sets are adopted [46]: (1) CV = 1 and CS = 0 for α = 0;
(2) CV = 1 and CS = 1 for α = 0.5; (3) CV = 1 and
CS = 3 for α = 1. From the Gribov-Lipatov relation,
we see that the parton distributions of hadron Λ are also
needed to obtain the fragmentation functions. In our pa-
per, the SU(3) symmetry [47] is used to get the Λ parton
distributions from proton parton distribution functions,
which are from the CTEQ14L parametrization [35]. Here
we need to say that the differences of Λ parton distribu-
tions between SU(3) symmetry model and other models
are small in the intermediate x region [48]. Then it is
reasonable for us to show how other factors affect the
final results.
In our work, we calculate the production ratio of
hadrons Λ and Λ¯, shown in Figs. 4, 5, and 6. Three
different models and three sets of fragmentation func-
tions are discussed. What is more, we use the improved
parametrization in Ref. [33] for fragmentation functions
of Λ and Λ¯ from free nucleons to adjust our numerical cal-
culations. The corresponding results are shown in Figs. 7,
8, and 9. This parametrization [33] takes into account
the enhancement of strange quark to Λ productions more
naturally and can give more reasonable results:
DΛu (z,Q
2) = (
DΛu
DΛu+u¯
)thDΛu+u¯(z,Q
2)AKK,
DΛu¯ (z,Q
2) = (
DΛu¯
DΛu+u¯
)thDΛu+u¯(z,Q
2)AKK,
DΛd (z,Q
2) = (
DΛd
DΛ
d+d¯
)thDΛd+d¯(z,Q
2)AKK,
DΛd¯ (z,Q
2) = (
DΛ
d¯
DΛ
d+d¯
)thDΛd+d¯(z,Q
2)AKK,
DΛs (z,Q
2) = (
DΛs
DΛu+s¯
)thDΛs+s¯(z,Q
2)AKK,
DΛs¯ (z,Q
2) = (
DΛs¯
DΛs+s¯
)thDΛs+s¯(z,Q
2)AKK, (30)
where the quantities with superscripts AKK denote the
Albino, Kniehl, and Kramer (AKK) parametrization of
quark to Λ fragmentation functions [49].
Then we need to distinguish between the fragmen-
tation functions in the nucleus and those in the free
nucleon. The HERMES collaboration found that the
hadron production cross section from the nucleus is lower
than that from the free nucleon [50]. Many mechanisms
were proposed to explain this HERMES data, such as nu-
clear absorption of the produced hadron [51, 52], partial
deconfinement in the nucleus [27, 53], and the energy-
loss model [54–56]. In this work, we adopt the energy-
loss model to calculate the fragmentation functions in the
nucleus.
In the energy-loss model [56], due to the existence of
nuclear medium, the quark energy is reduced from E = ν
to E = ν−ε during the hadronization process. Then the
momentum fraction of hadron production is modified,
z =
Eh
ν
→ z∗ = Eh
ν − ε =
z
1− ε/ν , (31)
where Eh = ν − ε is the measured hadron energy and ε
is the loss energy of the quark during the hadronization.
The nucleus fragmentation function is expressed as
zDhq (z,Q
2, A) =
∫ ν−Eh
0
dεD(ε, ν)z∗Dhq (z
∗, Q2), (32)
in whichD(ε, ν) is the probability for a quark with energy
ν to lose an energy ε. Here we adopt the parametrization
by Arleo [57],
D(ε) =
1√
2piσε
exp[− (ln(ε/ωc)− ν)
2
2σ2
], (33)
where µ and σ are parametrized as µ = −1.5 and
σ = 0.73, and ωc indicates the energy loss scale of the
fragmented quark,
ωc =
1
2
qˆL2. (34)
6Here the so-called gluon transport coefficient qˆ measures
the scattering power of the nuclear medium. We choose
the set qˆ = 0.72 GeV/fm2 and L = 3R/4 in Ref. [57].
R ∼= 1.17A1/3 fm denotes the nuclear radius of nucleus
A. For a Fe nucleus, we set ν = 12 GeV. However, the
probability function D(ε, ν) has a different normalization
from the probability function D(ε). So we need to trans-
form the probability function in the following way:
D(ε, ν) = nν
1√
2piσε
exp[− (ln(ε/ωc)− ν)
2
2σ2
], (35)
where nν is the normalization coefficient through the con-
dition ∫ ν−Eh
0
dεD(ε, ν) = 1. (36)
The different normalization factors reflect the difference
between our work and Ref. [30].
IV. RESULTS
In Figs. 4, 5, and 6, we show the behaviors of
ratios ΛA/ΛD, Λ¯A/Λ¯D, and (Λ¯A/ΛA)/(Λ¯D/ΛD). In
Figs. 7, 8 and 9, considering the AKK modification,
we give the shapes of (ΛA/ΛD)AKK, (Λ¯A/Λ¯D)AKK, and[
(Λ¯A/ΛA)/(Λ¯D/ΛD)
]AKK
. In each figure, we compare
the distinct results by adopting different cases of frag-
mentation functions. The error bands in these figures
reflect the uncertainties of the experimental data of the
EMC ratio from the EMC collaboration [1] and from the
BCDMS collaboration [34].
In Figs. 4 and 7, we can see that the error bands
overlap each other for the pion excess model, the quark-
cluster model, and the rescaling model. The quantity
ΛA/ΛD has similar behaviors in these three different
models. But in Figs. 5 and 8, we notice that differ-
ent sets of quark fragmentation functions produce differ-
ent shapes of Λ¯A/Λ¯D. This is because Λ¯ is largely frag-
mented from the antiquarks inside the targets, so that
the x dependence of production ratio Λ¯A/Λ¯D is sensitive
to the sea quark distributions in the nucleus. However,
in Figs. 6 and 9 the ratio (Λ¯A/ΛA)/(Λ¯D/ΛD) shows
different shapes in three sets of fragmentation functions
and three models. From these analyses, although the
error bands of the quark-cluster model are wide, the
(Λ¯A/ΛA)/(Λ¯D/ΛD) ratio can discriminate the pion ex-
cess model, the six-quark cluster model, and the rescaling
model to some extent. The quantity (Λ¯A/ΛA)/(Λ¯D/ΛD)
can serve as a tool to reveal sea quark components in the
nucleus. These three models are not exactly resolved by
available data, so we think that semi-inclusive scattering
processes of Λ and Λ¯ productions are of significance for
future research concerning the EMC effect.
V. SUMMARY
In this paper, we make a brief review of three nuclear
EMC models, namely the pion excess model, the quark-
cluster model and the rescaling model. From the calcu-
lations on hadron production cross sections of Λ and Λ¯
both in the nucleus and in free nucleons, we show how
different models of the EMC effect can be revealed by
semi-inclusive deep inelastic scattering processes. The
results show that the production of Λ¯ is sensitive to the
sea quark contributions in the nucleus. We therefore sug-
gest that the quantity (Λ¯A/ΛA)/(Λ¯D/ΛD) can provide
some information to discriminate different models of the
nuclear EMC effect.
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FIG. 4: The results of ΛA/ΛD at Q2 = 5 GeV2. The solid-black, dashed-red, and dotted-blue curves are the results of the pion excess
model, the quark-cluster model, and the rescaling model. The nucleus A is Fe. These three figures show different fragmentation function
cases.
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FIG. 5: The results of Λ¯A/Λ¯D at Q2 = 5 GeV2. The solid-black, dashed-red, and dotted-blue curves are the results of the pion excess
model, the quark-cluster model, and the rescaling model. The nucleus A is Fe. These three figures show different fragmentation function
cases.
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FIG. 6: The results of (Λ¯A/ΛA)/(Λ¯D/ΛD) at Q2 = 5 GeV2. The solid-black, dashed-red, and dotted-blue curves are the results of the
pion excess model, the quark-cluster model, and the rescaling model. The nucleus A is Fe. These three figures show different
fragmentation function cases.
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FIG. 7: The results of (ΛA/ΛD)AKK at Q2 = 5 GeV2 considering the AKK [49] modification. The solid-black, dashed-red, and
dotted-blue curves are the results of the pion excess model, the quark-cluster model, and the rescaling model. The nucleus A is Fe.
These three figures show different fragmentation function cases.
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FIG. 8: The results of (Λ¯A/Λ¯D)AKK at Q2 = 5 GeV2 considering the AKK [49] modification. The solid-black, dashed-red, and
dotted-blue curves are the results of the pion excess model, the quark-cluster model, and the rescaling model. The nucleus A is Fe.
These three figures show different fragmentation function cases.
0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7
1 . 0
1 . 5
2 . 0
2 . 5
[(Λ
A /Λ
A ) /(Λ
D /Λ
D )]A
KK
x
c a s e 1       0 . 3 < z < 0 . 7
 p i o n - e x c e s s  m o d e l q u a r k - c l u s t e r  m o d e l r e s c a l i n g  m o d e l
 
 
 
0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7x
c a s e 2       0 . 3 < z < 0 . 7
 p i o n - e x c e s s  m o d e l q u a r k - c l u s t e r  m o d e l r e s c a l i n g  m o d e l
 
 
 
0 . 1 0 . 2 0 . 3 0 . 4 0 . 5 0 . 6 0 . 7x
c a s e 3      0 . 3 < z < 0 . 7
 p i o n - e x c e s s  m o d e l q u a r k - c l u s t e r  m o d e l r e s c a l i n g  m o d e l
 
 
 
FIG. 9: The results of
[
(Λ¯A/ΛA)/(Λ¯D/ΛD)
]AKK
at Q2 = 5 GeV2 considering the AKK [49] modification. The solid-black, dashed-red,
and dotted-blue curves are the results of the pion excess model, the quark-cluster model, and the rescaling model. The nucleus A is Fe.
These three figures show different fragmentation function cases.
